Simultaneous determination of maternal and fetal plasma 11-deoxycorticosterone (DOC), corticosterone (B), 18-hydroxycorticosterone (18OH-B) and aldosterone (ALDO) in normal and toxemic pregnancies was performed by utilizing a newly developed radioimmunoassay.
The adrenal cortex secretes aldosterone (ALDO), as well as 11-deoxycorticosterone (DOC), corticosterone (B) and 18-hydroxycorticosterone (180H-B). It is said that DOC has considerably less mineralocorticoid activity than ALDO, that B is mainly a glucocorticoid with some weak mineralocorticoid activity and that 180H-B has no activity.
Nevertheless they are important intermediates in ALDO synthesis. The biosynthetic pathways and metabolism of these corticosteroids have been well established (Fraser et al., 1976 : Schulster et al., 1976 : Biglieri, 1977 : Fraser and Lantos, 1978 .
In pregnancy, the appearance of new endocrine organs, the fetus and placenta, cause marked changes in the maternal steroid metabolism. In particular, the fetal adrenal cortex influences the production and metabolism of these corticosteroids.
According to Pasqualini et al. (1966) and Bayard et al. (1970) , the definitive adrenal cortex of the fetus is capable of synthesizing ALDO in early gestation and its ability becomes apparent at term. Therefore, the simultaneous determination of these plasma levels in the maternal and in the fetal compartments could be of great value in studies of corticosteroid synthesis and metabolism during pregnancy.
In this study, we first developed a radioimmunoassay (RIA) which allowed the simultaneDus &termination of the four corticosterofA3 using a single plasma sample of small volume, and then we compared the plasma levels in the maternal and fetal DEN et al. Endocrinol. Japon. December 1980 N=number of determinations. *=significantly different from normal term pregnancy (P <0.02).
Results
The mean values, standard deviations and ranges of the four corticosteroids in the maternal plasma in the subjects described above are summarized in about 6 fold higher in the maternal plasma, while 180H-B were almost unchanged. No umbilical arteriovenous gradient, however, was found in any of the steroids measured. ALDO in the maternal plasma showed a positive correlation with DOC (r = 0.98) and with 180H-B (r=0.88).
A significant correlation was also found between maternal and umbilical arterial ALDO (r=0.85) and 180H-B (r=0.89), while there was no correlation between ALDO and other steroids in the umbilical arterial plasma. In toxemia of pregnancy, all of the corticosteroid levels in the maternal plasma were lower than those in normal pregnancies, whereas in the umbilical arterial plasma at delivery, B was significantly higher (p>0.01) and 180H-B and ALDO showed no significant changes compared with those in normal pregnancies. Comparison of the arteriovenous gradient showed that B and ALDO were significantly higher in the artery (p<0.01, p<0.05) and this could not be found in normal pregnancies. In toxemia of pregnancy, the correlation of ALDO and 180H-B in the maternal and fetal plasma was not observed, while ALDO showed a consistent correlation with 180H-B (r=0.990) in the umbilical arterial plasma. Vol. 27, No. 6 
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Discussion
There have been several reports concerning the simultaneous determination of ALDO and the series of intermediates in its biosynthetic pathways from progesterone Schoeneshoefer et al., 1977 : Sippell et al., 1978 : Ojima et al., 1978 . However, none described the findings on 180H-B which had been known to be an immediate intermediate in ALDO synthesis (Fraser and Lantos, 1978) and none described their dynamics in mother and fetus during pregnancy and labor. The application of our newly developed RIA appears to be adequate for the simultaneous measurement of these corticosteroids using only 2 to 3 m/ of plasma samples. The basal values in nonpregnant women agree with the majority of other reports (Martin et al., 1975 : Schoeneshoefer et al., 1977 : Sippell et al., 1978 : Ojima et al., 1978 .
In normal term pregnancies, DOC and ALDO levels in the maternal plasma, both of which are known to have a potent mineralocorticoid activity, showed a significant increase in comparison with nonpregnant women and further elevation observed immediately post partum with a positive correlation with 180H-B. While B and 180H-B levels, which are known to have weak mineralocorticoid activity or none at all, did not show a gestational increase until labor but increased significantly at delivery. Thus, in normal term pregnancies, ALDO synthesis is accelerated under the enhanced renin-angiotensin system (Symonds, 1976) in spite of the sodium homeostasis being maintained.
However, it was also found that DOC and ALDO levels in the fetus were consistently higher than in the mother as judged from the levels of the umbilical arterial plasma at delivery, while B was higher in the latter and 180H-B was almost the same in both. In a constant infusion experiment using 3H-labeled ALDO in intact materno-placento-fetal units, Bayard et al. (1970) reported that there was a significant secretion of ALDO in the fetus. Symonds (1976) and Vallotton et al. (1976) also reported that circulating angiotensin-II (A-II) levels were significantly higher in the fetus than in the mother. Thus, it is speculated that in term pregnancy, the ALDO synthesis increased in the fetus under the enhanced renin-angiotensin activity, even though it was also considered that the transplacental passage of ALDO and its immediate pre-, cursor 180H-B might occur between maternal and fetal compartments since a significant correlation was found between maternal and fetal plasma levels and since an umbilical arteriovenous gradient was not found in any of the corticosteroids measured.
It is possible that the enhanced reninangiotensin-ALDO system not only in the mother but also in the fetus was largely due to the increased demand for water and electrolytes in the fetoplacental unit as it is known that the transfer rate of water and electrolytes in the placenta and in the fetus increases as gestation advances (Flexner et al., 1948 : Watanabe et al., 1963 , and also that plasma ALDO levels are positively related to the plasma sodium concentration (Weir et al., 1975) . However, the precise mechanisms of ALDO biosynthesis and its interrelationships with the maternal and fetal compartments are not yet well understood.
In toxemia of pregnancy, it was found that all of the corticosteroid levels in the maternal plasma showed a more nominal increase than those in normal pregnancies, while in umbilical arterial plasma, they showed some characteristic patterns, i.e., while DOC decreased, B showed a tendency to increase and 180H-B and ALDO remained at almost the same level as in normal pregnancies. Further, the arteriovenous gradient of B and ALDO were sig nificantly greater in the former and ALDO showed a consistent correlation with 180H-R which could not be found in normal preg-et al.
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Japon. December 1980 nancies. The difference between the patterns in the mother and fetus observed in toxemia of pregnancy is brought about by the different reactivity of the maternal and fetal renin-angiotensin systems due to the reduction of the permeability of water and electrolytes in the placenta (Flexner et al., 1948 : Page, 1972 . It is well established that A-II causes a marked increase in the plasma concentrations of both 180H-B and ALDO selectively, and, in toxemia of pregnancy, there is a decrease in the maternal plasma renin activity and A-II concentra.-lions while those of the fetus remain unaffected (Symonds, 1976 : Mason et al., 1976 . Also, in vitro perfusion experiments using sliced fetal adrenals show that A-II accelerates the conversion of substrate B to product 180H-B and ALDO in the presence of potassium (personal communication). Thus, in toxemia of pregnancy, the maternal ALDO synthesis and the renin-angiotensin system are both suppressed, while, in the fetus, these functions seemed to be spared. by maintenance of an intact renin-angiotensin level, in particularly by the final steps of ALDO synthesis.
